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(57)  The present invention provides a novel alumi-
nate phosphor capable of emitting blue fluorescence hav-
ing high color purity and high brightnessin a certain wave-
length range by ultraviolet ray excitation and electron
beam excitation, and a useful production method thereof.
The method for producing an aluminate phosphor ac-
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
producing an aluminate phosphor and an aluminate
phosphor produced by the method.

BACKGROUND ART

[0002] A phosphor having an aluminate as a main
structure has been practically used widely as an ultravi-
olet ray excitation type phosphor which is luminous main-
ly in a color tone range from blue to green. Particularly,
a vacuum ultraviolet ray excitation type luminescence
elemental device which is luminous by a mechanism of
exciting a phosphor with vacuum ultraviolet rays radiated
by rare gas discharge has been actively developed for
plasma display panels (PDP) in recent years. Actually,
some aluminate phosphors which are luminous from blue
color to green color and are used for PDP have been
made practicable.

[0003] Aluminates are represented by the composition
formula: xMO-yAl,O5 [wherein, M denotes a metal such
as alkaline earth metal]. Phosphors of various composi-
tions are produced by introducing a plurality of divalent
metals for M: metal or doping M sites with rare earth
metals and Mn as an activation agent. For example, the
Phosphor obtained by using Ba and Mg as M: metal and
doping Eu as an activation agent at the Ba site is con-
firmed to emit blue color fluorescence by ultraviolet ray
excitation.

[0004] Among them, representative examples are
BaMg,Alg0,7:Eu disclosed in JP 52-22836 B and
BaMgAl;(,O,7:Eu disclosed in JP 08-115673 A. Other
than these, also known are those obtained by increasing
a ratio of Ba and Al of the above-mentioned
BaMgAl,(O;:Eu; those obtained by partially replacing
Ba with Sr for suppressing heat deterioration due to bak-
ing treatment (JP 2000-226574 A); and those obtained
by adding Eu as an activation agent to aluminate having
a magnetoplumbite structure (JP 2001-240856 A).
[0005] Further, phosphors obtained by doping alumi-
nate with Mn as an activation agent, such as BaAl;,0g:
Mn and BaMgAl,40,3:Mn, are also known as green lu-
minous phosphors for emitting green fluorescence by ul-
traviolet ray excitation. Furthermore, phosphors having
superior phosphorescent characteristics are also known,
such as lanthanum-magnesium aluminate green lumi-
nous phosphors activated by Ce and Tb described in JP
06-240252 A and Ce-Mn co-activation green luminous
phosphors obtained by partially replacing Ba of manga-
nese-substituted barium-calcium aluminate phosphors
with Zn and replacing the remaining Ba with Srand further
activating with Ce (JP 2000-290647 A). Additionally,
europium-doped strontium aluminates emitting blue-
green color with a luminescence peak wavelength of 493
nm are also known as other phosphors.
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[0006] The phosphors having long time decay charac-
teristic, so-called afterglow characteristic, are included
in aluminate phosphors. The afterglow phosphors have
a main structure of a compound represented by the for-
mula MAIO, [wherein, M denotes at least one metal el-
ement selected from Ca, Sr and Ba]. As the afterglow
phosphors, those containing Eu as an activation agent
and other rare earth element as a co-activation agent are
known (JP 07-11250 A). In addition, there are those with
improved decay characteristic by partially replacing alu-
minum of the aluminate host body with boron and thereby
stabilizing the crystal (JP 08-73845 A), and those con-
taining Sr,AlgO44 as a host body and europium as an
activation agent or dysprosium as a co-activation agent
in addition to europium as an activation agent (JP
2000-63823 A).

[0007] As described above, conventional aluminate
phosphors are constituted with oxides containing three
or more kinds of metals, and it is important how to ho-
mogenously mix the respective metal components to pro-
duce these phosphors.

[0008] Almost all of the above-mentioned phosphors
are produced by a classical method, i.e. a solid-phase
method, by which a complex metal oxide can be obtained
by mixing solid-phase raw materials at a desired metal
composition ratio and firing the mixture. In the solid-
phase method, multiple metal oxides are mixed in a solid-
phase state; therefore the obtained phosphors are ap-
parently heterogeneous from a micro viewpoint, even if
the metal oxides are mixed so homogenously. Further,
even if the metal composition ratio or the doping amount
of metal elements is so finely controlled, or even if the
composition ratios of the metal components contained in
each particle are controlled as desired, it is principally
impossible to produce a phosphor having completely ho-
mogenous metal distribution in the respective particles.
[0009] In addition, in order to produce a homogenous
complex metal oxide type phosphor or aluminate type
phosphor which contains multiple metal oxides as de-
scribed above, it is required to obtain a homogenous
complex metal composition as a precursor immediately
before the phosphor; and in order to obtain the homog-
enous precursor, itis required to synthesize the precursor
via a homogenous state from the time of raw materials.
As such a method, a liquid-phase method which mainly
utilizes chemical techniques, such as a sol-gel method
and a co-precipitation method, has been known.

[0010] However,the production costincreases and the
production work becomes additionally very complicated
even in these conventional liquid-phase methods, if a
composition ratio of multiple metal components is intend-
ed to be homogenous. Further, even if the metal compo-
sition in a solution state is homogenous, the metal com-
position ratio of a powder to be obtained inevitably be-
comes heterogeneous. It is because hydrolysis speeds
and solubility products of metal compounds differ in ac-
cordance with the types of metals, and the metal com-
position ratios of precipitates produced in the process of
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hydrolysis, neutralization or precipitate production be-
comes heterogeneous. Such a heterogeneous metal
composition is supposed to cause an adverse effect not
a little on the fluorescence characteristic of the composite
oxide phosphor or aluminate phosphor.

[0011] In view of the above-mentioned circumstance,
the inventors of the present invention made investiga-
tions repeatedly to develop a novel aluminate blue lumi-
nescence phosphor and first developed a art disclosed
in WO2005/090513. The invention disclosed in the pub-
lication relates to a novel blue luminescence phosphor
represented by Sr;Al;,0,5:Eu and a wide range of ap-
plications is expected. However, this phosphor has a lu-
minescence peak wavelength of 410 nm, which is slightly
close to ultraviolet rays; and therefore, an improvement
is demanded for applications to displays and three wave-
length fluorescent lamps. That is, it is desired that the
luminescence peak wavelength is adjusted to close to
450 nm for giving better color purity to apply the phosphor
for these uses. If such a characteristic is provided, it is
certain that the applications are remarkably expanded.

DISCLOSURE OF THE INVENTION

[0012] The present invention was completed under
such circumstances, and the art disclosed in WO
2005/090513 was further developed to be the present
invention. An object of the presentinvention is to develop
a novel ultraviolet ray excitation type phosphor or elec-
tron beam excitation aluminate type phosphor having a
homogenous composition and fluorescing with high blue
color by focusing on aluminate phosphor which is con-
firmed to be luminous by ultraviolet ray excitation or elec-
tron beam excitation. Further, another object of the
present invention is to provide a method for efficiently
producing such a phosphor.

[0013] A method for producing an aluminate phosphor
according to the present invention is characterized in
comprising a step of heating an aluminate represented
by a composition formula: 7(Sry_,Eu,)O-yAl,O5 [wherein,
x and y satisfy 0 < x < 0.5 and 1 <y < 36) in a state of
being in contact with magnesium oxide in a reducing at-
mosphere.

[0014] An aluminate phosphor according to the
present invention is characterized in being produced by
the above production method and in fluorescing at a lu-
minescence peak wavelength of 450 to 470 nm by ultra-
violet ray excitation and electron beam excitation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]
Fig. 1 is a photoluminescence spectra exited by UV

at 325 nm of the aluminate phosphor obtained in
Example.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0016] First, the method for producing the phosphor
according to the present invention will be described in
detail.

[0017] With respect to the aluminate to be used in the
method of the invention and represented by the compo-
sition formula: 7(Sr,_,Eu,)O-yAl,O4, the range of x: Eu-
doping amount relative to Sris "0 <x <0.5" and the range
of y: the ratio of alumina, i.e. Al,O4, is "1 <y < 36".
[0018] When the above-mentioned x: Eu-doping
amountis zero, in other words, the aluminate is not doped
by Eu, there is no emission center and thus no fluores-
cence. On the other hand, when x: Eu-doping amount
becomes so high as to exceed 0.5, concentration
quenching occurs to remarkably decrease the luminance
intensity. Accordingly, the value of "x" is defined as de-
scribed above in the present invention. The range of "x"
is more preferably "0.001<x<0.3", and the highest phos-
phorescent characteristics are exhibited in this range.
[0019] On the other hand, when y: the ratio of Al,O5 is
less than 1, the function of the phosphor is too lowered
to emit satisfactory fluorescence; but when "y" becomes
excessively high as to exceed 36, no satisfactory fluo-
rescent characteristic can be obtained. Accordingly, the
value of "y" is defined in the above-mentioned range in
the presentinvention. The range of "y" is more preferably
"3 <y < 27", and the highest phosphorescent character-
istics are exhibited in this range.

[0020] The aluminate represented by the composition
formula: 7(Sry_Eu,)O-yAl,O5 can be produced by the
steps of (1) producing a powder composed of an organic
metal chelate containing Sr, Eu and Al as metal compo-
nents; and (2) firing the powder obtained in the step (1)
to obtain the aluminate. More detailed production condi-
tions are disclosed in WO 2005/090513 described above.
Specific production conditions are not particularly limited;
however when the organic metal chelate powder in which
respective metal components such as Sr, Al and Eu are
homogenously mixed in molecular level is used as pre-
cursor, strontium aluminate represented by the above-
mentioned general formula can be more easily obtained.
[0021] The organic metal chelate powder to be a pre-
cursor can easily be obtained by preparing an aqueous
clear organic metal chelate solution by mixing a respec-
tive metal compound and an organic chelating agent at
a predetermined metal composition ratio and thereafter,
for example, spray-drying this aqueous solution.

[0022] Specifically, the following method can be exem-
plified. First, a powder containing organic metal chelates
of Sr, Eu and Al is produced. This production is carried
out as follows. At first, Sr and Eu are accurately weighed
to have a predetermined metal composition, and the met-
als arereacted with an organic chelating agent to produce
the aqueous clear organic metal chelate solution. This
reaction is carried out in an aqueous medium at a tem-
perature in a range of, for example, 20°C to a boiling
point, preferably 50 to 70°C. The concentration of the
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aqueous solution in terms of the solid content is prefer-
ably 5% by mass or higher, 30% by mass or lower, and
more preferably 10% by mass or higher, 20% by mass
or lower. The temperature range is not limited to the
range.

[0023] The use amount of the organic chelating agent
is determined to be not lower than the equivalent amount
to the metal ions to completely dissolve all of the metals,
and it is preferably not lower than 1.0 time by mole and
not higher than 1.5 times by mole. When the metal
chelate or the organic chelating agent is not completely
dissolved, it is preferable to add ammonia or amine for
complete dissolution. Further, the organic metal chelates
of the above-mentioned respective metals are prepared
separately, and the chelates are accurately weighed and
mixed at a predetermined metal ratio.

[0024] As metal raw materials, carbonates, nitrates,
hydroxides and oxides may be used. Oxides and carbon-
ates are particularly preferable in the invention using
strontium and europium, since oxides and carbonates
have good reactivity and do not leave any excess ions
after reaction. With respect to aluminum, substantially
preferable raw material to be used is limited to chloride,
sulfate or nitrate in consideration of the reactivity with the
organic chelating agent, and nitrate is preferable. It is
particularly preferable to use an aluminum source ob-
tained by first producing an aluminum chelate solution
using chloride, sulfate or nitrate and then producing a
high purity aluminum chelate crystal by crystallization.
[0025] A primarily concerning matter at the time of pro-
ducing an aluminate phosphor is contamination of an im-
purity element. A sodium salt and potassium salt among
organic metal chelates remain in a phosphor even after
thermal decomposition and become a factor contributing
to the disturbance of the composition of the phosphor;
therefore, a sodium salt and potassium salt should not
be used. Further, it is also preferable not to use an inor-
ganic acid and inorganic acid salt containing chlorine,
sulfur or phosphorus, such as hydrochloric acid, sulfuric
acid and phosphoric acid, and organic compound such
as thiol compound as much as possible. These com-
pounds are almost completely thermally decomposed in
the firing process; however these compounds possibly
cause an adverse effect on production of composite met-
al chelate with a homogenous composition.

[0026] Examples of the organic chelating agent to be
used in the present invention include water-soluble ami-
nocarboxylic acid chelating agents such as ethylenedi-
aminetetraacetic acid, 1,2-cyclohexanediamine-
tetraacetic acid, dihydroxyethylglycine, diaminopropa-
noltetraacetic acid, diethylenetriaminepentaacetic acid,
ethylenediaminediacetic acid, ethylenediaminedipropi-
onic acid, hydroxyethylenediaminetriacetic acid, glycol
ether diaminetetraacetic acid, hexamethylenediamine-
tetraacetic acid, ethylenediaminedi(o-hydroxyphenyl)
acetic acid, hydroxyethyliminodiacetic acid, iminoacetic
acid, 1,3-diaminopropanetetraacetic acid, 1,2-diamino-
propanetetraacetic acid, nitrilotriacetic acid, nitrilotripro-
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pionic acid, triethylenetetraminehexaacetic acid, ethyl-
enediaminedisuccinic acid, 1,3-diaminopropanedisuc-
cinic acid, glutamic acid-N,N-diacetic acid, aspartic acid-
N, N-diacetic acid. Further, any of monomer, oligomer or
polymer thereof may also be used. It is more preferable
to use the aminocarboxylic acid chelating agent and/or
salt thereof as the organic chelating agent.

[0027] It is more preferable to use a complex com-
posed of the aminocarboxylic acid chelating agent and
a metal ion and/or salt thereof as the organic metal
chelate. Further, it is more preferable to use at least one
of compounds selected from a group consisting of nitrilo-
triacetic acid, ethylenediaminetetraacetic acid, diethyl-
enetriaminepentacetic acid and triethylenetetraminehex-
acetic acid as the aminocarboxylic acid chelating agent.
[0028] Itis desired to use free acid type or ammonium
salt or amine salt, and to properly select the chelating
agent in consideration of chelate production constants
with the respective metals, stability of the metal chelates,
and solubility in water or an aqueous alkaline solution of
the metal chelates.

[0029] The organic metal chelate aqueous solution to
be produced in the above-mentioned manner is subse-
quently powdered by spray-drying. The conditions of
spray-drying may be properly set in accordance with the
concentration of the aqueous solution, a solution treat-
ment speed, a spraying air quantity, a hot blow air quan-
tity and the like. The upper limit of the drying temperature
is preferably set to a temperature at which the organic
compounds are not decomposed, and the temperature
may be that at which drying is sufficiently carried out.
From these points of view, the drying temperature is pref-
erably in a range of 100 to 200°C, and more generally in
arange of 140 to 180°C. In consideration of such a drying
temperature, the above-mentioned aminocarboxylic acid
chelating agents to be used in the present invention are
preferable to be those which are not thermally decom-
posed at a temperature about 200°C or lower.

[0030] The organic metal chelate powder obtained in
the above-mentioned manner is subsequently fired to be
formed into a metal oxide. Preferable conditions at that
time are as follows. When the organic metal chelate pow-
der obtained in the above-mentioned manner is directly
fired, a composite oxide powder is obtained due to ther-
mal decomposition of the organic component. The firing
may be carried out for completely decomposing the or-
ganic component. For example, when the firing is carried
out at 500°C or higher, the organic component is entirely
decomposed and fired out to give a composite metal ox-
ide. As the firing temperature is higher, the crystallinity
of the composite metal oxide is improved; therefore, it is
possible to fire at a temperature to 1600°C if necessary.
[0031] The atmosphere atthe time of firing and heating
is not necessarily required to be air, and oxygen-enriched
atmosphere, neutral atmosphere or reducing atmos-
phere may be employed according to the necessity. The
firing is preferably carried out in an atmosphere contain-
ing at least one selected from a group consisting of air,
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oxygen and nitrogen.

[0032] The aluminate powder obtained in the above-
mentioned manner is contacted with magnesium oxide,
and is heated in a reducing atmosphere while being kept
in the contact state to obtain an aluminate phosphor of
the present invention. The shape of magnesium oxide to
be used is not particularly limited, and, for example, a
coarse particle, a fine particle, a thin film, a plate and the
like may be used. These shapes may be composed of a
single crystal or a polycrystal.

[0033] When the above-mentioned aluminate powder
and magnesium oxide are heated in a reducing atmos-
phere while being kept in the contact state, magnesium
of the magnesium oxide is thermally diffused into the alu-
minate salt powder over the contact interface of the alu-
minate powder and magnesium oxide. The thus obtained
phosphor has a crystal structure apparently different from
that of strontium aluminate phosphor disclosed in WO
2005/090513. In other words, the method of the invention
gives a novel blue luminescence phosphor having a nov-
el crystal structure and composition and fluorescing par-
ticular at a luminescence peak wavelength of 450 to 470
nm.

[0034] With respect to the heating conditions, the pre-
cursor powder may be heated in the contact condition in
a reducing atmosphere, and a heating temperature is
preferably 500°C or higher, 1600°C or lower, more pref-
erably 800°C or higher, 1500°C or lower, and even more
preferably 800°C or higher, 1500°C or lower. The reduc-
ing atmosphere is also not particularly limited; however
is preferably argon/hydrogen mixed atmosphere or nitro-
gen/hydrogen mixed atmosphere.

[0035] According to the above described production
method of the present invention, it becomes possible to
efficiently and reliably produce the phosphor with a com-
position homogenous at molecular level by using a pow-
der containing organic metal chelates mixed homoge-
nously in molecular level as a precursor.

[0036] The aluminate phosphor of the present inven-
tion is produced by the method of the present invention;
however, so far, a composition formula after the heat
reduction is not yet made clear. However, the heat re-
duction product has particular luminescent property of
emitting blue fluorescence with high color purity particu-
larly at a luminescence peak wavelength of 450 to 470
nm by ultraviolet ray excitation and electron beam exci-
tation as described above.

[0037] The phosphor of the present invention emits
blue color fluorescence with high color purity particularly
at a luminescence peak wavelength of 450 to 470 nm;
however, the fluorescence life is very short. It is quite a
contrast to that the strontium aluminate afterglow type
phosphor disclosed in the above-mentioned publication
has a very long fluorescence life, that is, a long decay
characteristic.

[0038] The metal composition ratio and structure of the
phosphor according to the present invention is presently
not yet made clear. According to the results of x-ray dif-
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fractiometry of the phosphor of the present invention ob-
tained by heat reduction, itis supposed that the possibility
of coexistence of a plurality of phases is certainly high.
The crystal structure is apparently different from that of
the strontium aluminate phosphor disclosed in the above-
mentioned publication and both should be classified into
entirely different phosphors.

EXAMPLE

[0039] Hereinafter, the invention will be described in
detail with reference to Example and Test Example; how-
ever, it is not intended that the range of the present in-
vention be limited thereto.

Example 1

[0040] A 1 L beaker was loaded with ethylenediami-
netetraacetic acid (217 g) and water to adjust the total
weight to be 500 g, and then ethylenediaminetetraacetic
acid was dissolved by adding ammonia water (100 g).
While stirring the mixture, strontium carbonate (110 g)
was slowly added. Then, the temperature was raised to
100°C and the mixture was stirred for 2 hours to com-
pletely dissolve strontium carbonate. Water was added
to the solution to adjust the concentration, and thus a
colorless and transparent strontium-ethylenediamine-
tetraacetic acid (Sr-EDTA) complex aqueous solution
was obtained.

[0041] Separately, a 100 ml beaker was loaded with
ethylenediaminetetraacetic acid (0.65 g) and water to ad-
just the total weight to be 100 g, and then ethylenediami-
netetraacetic acid was dissolved by adding ammonia wa-
ter (0.3 g) . While stirring the mixture, europium oxide
(0.4 g) was added, and the resulting mixture was stirred
at 80°C for 30 minutes. As a result, europium oxide was
completely dissolved and a colorless transparent euro-
pium-ethylenediaminetetraacetic acid (Eu-EDTA) com-
plex aqueous solution was obtained.

[0042] A 100 mlbeakerwasloaded with Sr-EDTA com-
plex solution (29.72 g, Sr content: 4.41% by mass) and
Eu-EDTA complex solution (10.55 g, Eu content: 0.440%
by mass) obtained by the above and aluminum ammo-
nium ethylenediaminetetraacetate (EDTA-AI-NH,) (9.91
g, Al content: 7.13% by mass), which were accurately
weighed, and then water was added to adjust the total
weight to be 100 g. Next, the mixture was stirred for 30
minutes for complete dissolution to obtain a colorless and
transparent (Sr, Al, Eu) -EDTA complex aqueous solution
of which a metal composition ratio is (Sr + Eu) /Al =7/12
and Eu/Sr = 0.02/0.98.

[0043] The solution was powdered at a drying temper-
ature of 160°C by a spray-drying method to obtain a (Sr,
Al, Eu)-EDTA complex powder. When an x-ray diffracti-
ometric chart of the powder was confirmed, a halo pattern
was shown due to scattering of impingent x-rays to show
that the structure was amorphous.

[0044] The complex powder was pre-fired at 800°C for
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3 hours using an open air type electric furnace to ther-
mally decompose the organic compounds and obtain an
aluminate powder. The obtained aluminate powder (0.01
g) was dispersed in ethanol. The dispersion was dropped
on a (100)-oriented magnesium oxide substrate (10 mm
X 10 mm) and dried, and then heat reduction was carried
outin Ar + H, (3%) gas current at 1400°C X 24 hours to
prepare a phosphor film.

[0045] Fig. 1 shows a photoluminescence spectrum
excited by UV at 325 nm of the phosphor film. As obvious
from the figure, it can be understood that the phosphor
emits blue color fluorescence with high color purity and
high brightness at a luminescence peak wavelength of
450 to 470 nm. Further, it was also confirmed that the
cathodoluminescence spectra obtained at an accelera-
tion voltage for the electrons of 30 kV is also same as
the spectrum shown in Fig. 1, and thus it is proved that
the phosphor is a blue luminescence phosphor applica-
ble for both ultraviolet ray excitation and electron beam
excitation.

INDUSTRIAL APPLICABILITY

[0046] The aluminate phosphor of the present inven-
tion is remarkably advantageously usable as a blue lu-
minescence phosphor for three wavelength fluorescent
lamps, plasma displays and the like using ultraviolet rays
for excitation source and also a phosphor for Brauntubes,
fluorescent display tubes and the like using electron
beam for excitation source.

[0047] According to the production method of the
present invention, the blue luminescence phosphor hav-
ing the above-mentioned properties can be efficiently
produced and the phosphor advantageously usable for
various applications is provided.

Claims

1. A method for producing an aluminate phosphor,
characterized in comprising a step of heating an
aluminate represented by a composition formula: 7
(SrqxEuy)O-yAl,O3 [wherein, x and y satisfy 0 < x <
0.5and 1 <y < 36] in a state of being in contact with
magnesium oxide in a reducing atmosphere.

2. Theproductionmethod according to claim 1, wherein
the magnesium oxide is at least one kind selected
from a bulk, a powder and a plate composed of a
single crystal or a polycrystal.

3. The production method according to claim 1 or 2,
wherein the aluminate represented by the composi-
tion formula: 7(Sry_,Eu,)O-yAl,O5 [wherein, x and y
satisfy 0 < x < 0.5 and 0 <y < 10] is produced by
steps of:

(1) producing a powder composed of an organic
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10.

11.

12.

13.

metal chelate containing Sr, Eu and Al as metal
components; and

(2) firing the powder obtained in the step (1) to
obtain the aluminate.

The production method according to claim 3, wherein
the powder of the step (1) is obtained by spray-drying
a clear organic metal chelate aqueous solution pre-
pared by mixing a metal single substance of the con-
stituent metal element or a metal compound thereof,
an organic chelating agent and/or an organic metal
chelate of the constituent metal element at a prede-
termined metal composition.

The production method according to claim 3 or 4,
wherein an aminocarboxylic acid chelating agent
and/or a salt thereof is used as the organic chelating
agent.

The production method according to claim 5, wherein
at least one selected from a group consisting of ni-
trilotriacetic acid, ethylenediaminetetraacetic acid,
diethylenetriaminepentaacetic acid and triethylene-
tetraminehexaacetic acid is used as the aminocar-
boxylic acid chelating agent.

The production method according to any one of
claims 3 to 6, wherein a complex composed of an
aminocarboxylic acid chelating agent and a metal
ion and/or a salt thereof is used as the organic metal
chelate.

The production method according to any one of
claims 3 to 7, wherein firing is carried out in atmos-
phere containing at least one selected from a group
consisting of air, oxygen and nitrogen in the step (2).

The production method according to any one of
claims 3 to 8, wherein firing is carried out at a tem-
perature in a range of 500 to 1600°C in the step (2).

The production method according to any one of
claims 1 to 9, wherein a mixed gas of nitrogen and
hydrogen or a mixed gas of argon and hydrogen is
used for the reducing atmosphere.

The production method according to any one of
claims 1 to 10, wherein the heating is carried out in
a range of 800 to 1500°C.

An aluminate phosphor produced by any one of the
production methods according to any one of claims
1 to 11, characterized in fluorescing at a lumines-
cence peak wavelength of 450 to 470 nm by ultravi-
olet ray excitation and electron beam excitation.

The aluminate phosphor according to claim 12,
wherein x and y in the composition formula satisfy
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